Rue Montalembert, 63005 Clermont-Ferrand, France (Received for publication October 9, 1995) Indole-substituted oxazolidinones, oxazolones, pyrrolidinone, imidazolidinone and imidazolones were synthesized. Their inhibitory potencies towards protein kinase C and protein kinase A were determined and their in vitro activities against Streptomyces chartreusis, Streptomyces griseus, Bacillus cereus, Candida albicans and Escherichia coli were examined. The inhibition of Streptomyces sporulation observed for some of them could not be linked to in vitro protein kinase C inhibition. All proved inactive against C. albicans but three of them exhibited a marked activity towards 3) were tested as references.
Results and Discussion A and B were readily prepared from oxazolidin-2-one via electrochemical pathways8'9). The synthesis of C and D was performed from 2,2'-bis-indole and N-Boc-oxazol-2-one10). E was prepared by reaction of 5-methoxypyrrolidin-2-one with indolyl-magnesium bromide in the presence of BF3-etherate according to the method described by Ishizuka et aLxl\ F, G and H were obtained from imidazolidin-2-one according to the synthetic scheme shown in Fig. 4 Since I and J had no effect on growth and sporulation of the two Streptomyces tested, the activity observed for B and C could not be due solely to the presence of oxazolidin-2-one or oxazol-2-one heterocycle.
D and H with rigid indolocarbazole frameworks were inactive while more flexible structures, C and G, bearing the same non-indolic heterocycles, strongly inhibited growth and aerial mycelium formation, which was already observed in our previous series6). In contrast to findings for all the compoundsin our previous series6)7), three substances, A, B and D, were active against E. coli. This activity cannot be due to PKC nor PKA inhibition since A and B did not inhibit these enzymes. Oxazolidinone A strongly inhibited growth of E. coli while inhibition of growth by oxazolones B and D was only partial. Since I and J were inactive, the effects ofA, B and D are not linked solely to the presence of the heterocycle oxazolidin-2-one or oxazol-2-one. To test for activities against other Gram-negativestrains, the antibacterial activities of A and D were also examined against E. coli (ATCC10798), Pseudomonas aeruginosa (ATCC 17504) and Proteus mirabilis (CIP 7515) at different concentrations ( Table 2 ).
The results in Table 2 show that the activity observed against E. coli (ATCC1 1303) can be extended to several other Gram-negativestrains. Whatremains unexpected is (i) the strong activity of A against E. coli though it is almost inactive against Gram positive bacteria, and (ii) the activity of A, B and D against E. coli though oxazolidinone C is inactive.
Their modeof action and their targets remain to be determined. Since Ahas a very weak or no activity against the Gram-positive bacteria tested, its activity against the Gram-negative bacteria may be due to interactions with the outer membrane. 
5-(3-Indolyl)pyrrolidin-2-one E
To magnesium (1.25g) in THF (30ml) was added dropwise ethyl bromide (4.76 g), the mixture was warmed to allow the beginning of the reaction. Indole (5.08g, 43.4mmol) in THF (40ml) was then slowly added and the mixture was warmed at 45°C for 45 minutes, then cooled at -30°C. 5-methoxypyrrolidin-2-one (1.27g, ll.0mmol) was added then BF3-Et2O (2.36ml) and the mixture was stirred overnight at -30°C. After quenching with saturated aqueous NH4C1, extraction with AcOEt, the organic phase was dried over MgSO4.After removal of the solvent, purification by flash chromatography (eluent: cyclohexane-AcOEt 5 : 5) yielded 5-(3-indoryl)pyrrolidin-2-one E as a white powder (1.475g, 7.37mmol, 66.7% yield). 4,5-Bis(3-indolyl)imidazolidin-2-one (G) and 4-(3-
To magnesium (410mg) in THF (10ml) was added dropwise ethyl bromide (1.3 ml). After warming to start the reaction, indole (1.97g, 16.9mmol) in THF (18ml) was slowly added. The mixture was warmedat 45°C for 45 minutes. After cooling to -30°C, 4,5-dimethyloxyimidazolidin-2-one (330 mg, 2.03 mmol) was added then BF3-Et2O (1.02ml) and the mixture was stirred at -30°C for 12 hours. After quenching with saturated aqueous NH4C1,extraction with AcOEt, the organic phase was dried over MgSO4. After removal of the solvent, the residue was purified by flash chromatography (eluent:AcOEt) to give G (240mg, 0.76mmol, 37% yield) as a pale yellow solid and F as a yellow solid 
Scanning Electron Microscopy
Pieces of myceliumwere cut out and fixed under osmiumtetroxide vapour for 15 hours then allowed to dry for 12 hours. After sputter coating with gold for 2 minutes under vacuum, the mycelium was examined under a Cambridge stereoscan 360 scanning electron microscope.
